Abstract. This paper presents an assessment of the level of energy security of the subjects of the Russian Federation located on the territory of the Siberian Federal District. The approach to the assessment is based on the use of the monitoring and indicative analysis of energy security developed at ESI SB RAS. As a result, the main problems were identified with ensuring energy security in the regions, with a view to further developing ways to improve the situation in them.
Introduction
This paper presents the process of assessing the level of energy security of Russia subjects located on the territory of the Siberian Federal District. This assessment was carried out on the basis of the use of the monitoring apparatus and indicative analysis of energy security developed at ESI SB RAS. The main problems with ensuring energy security for individual regions are reflected, which is the basis for forming directions for improving the existing situation in the Siberian Federal District as a whole.
The tasks monitoring of Russia's ES and its regions are to identify the observed and expected processes, phenomena and parameters that determine the level and threats to energy security. At the same time, the identification process is based on a system of indicators that adequately describe the situation in one or another aspect of securing ES. Thus, the meaning and essence of monitoring and indicative analysis consist in displaying information on the degree of implementation of ES threats using an indicator system when comparing the numerical values of these indicators with their threshold values.
Energy security -the state of protection of citizens, society, the state, the economy from the threat of a deficit in providing their energy needs with economically accessible energy resources of acceptable quality, from threats of disrupting the continuity of energy supply. In fact, at any level, energy security is the balance of energy supply and demand or the lack of energy deficit. The reasons for the imbalance can be found both in the state of the objects of the fuel and energy complex and in adverse changes in natural, political and economic conditions. Comprehensive assessment of potential threats of ES, which are imminent within the fuel and energy complex and arising from outside due to changes in external energy conditions, is rather difficult to obtain. At the same time, an assessment of the level of the region's ES, determined by the state of the fuel and energy complex objects in this region and related federal energy systems, can be found using numerically evaluated indicative indicators, using the data [1] on the relevant parameters of the objects and the processes recorded. An indicative assessment of the level of energy security of a specific region of the country is proposed to implement three, largely interrelated, blocks of indicators: production and resource provision of the region's fuel and energy supply system; reliability of the fuel and energy supply system in the region; state of the basic production assets energy systems in the region.
On the first two blocks, specific indicators can be distributed quite arbitrarily, since they are directly or indirectly related to each other.
The composition of the most important indicative indicators of energy security at the regional level, structured by blocs, is shown in Table. 1.
With the use of a methodology specially developed at ESI SB RAS, which allows taking into account the peculiarities of energy supply in individual regions [1] [2] [3] , threshold values of indicative indicators for all RF subjects were expertly determined.
Results of the conducted indicative analysis
When performing the study, the values of indicators by region were quantitatively correlated with their threshold values adopted in [3] . This allowed us to assess the qualitative state of each indicator in the relevant subject of analysis. As an example, the results of such work for the regions of the Siberian Federal District are presented below (Tables 2-5). Along with the qualitative assessment of the energy security level of the regions in 2016, in order to show some trends, information is provided on the qualitative assessment of the relevant indicators in 2012. As a result of analysing the data of the corresponding tables for the subjects of the Siberian Federal District, it is possible to briefly characterize the trends inherent in the energy sector from positions of requirements of power safety.
According to the first block of indicators, the situation is acceptable from the EB's point of view in practically all subjects of the Siberian Federal District.
The exception is the Republic of Altai, where the values of the indicators are in a crisis state (Table 2) . Here you can note a low level of the maximum electrical load of consumers. But the situation slowly began to improve and for the period 2014-2016. Three solar power stations were commissioned with a total capacity of 15 MW (Kosh-Agach SES-1, 2, Ust-Kansky SES), and further new capacity inputs are planned.
In the Republic of Tuva in comparison with 2012. by 2016 the values of indicator 1.2 went into the range of acceptable values. In 2014. the throughput of intersystem connections was increased due to the modernization of substations (PS Kyzylskaya, SS Chadan) to 280 MW of capacity, of which up to 100 MW can be transferred to Western Mongolia. However, in general, the problem of energy deficit of the republic is not solved.
In addition, for the first block of indicators, in particular for indicator 1.3, one can note the Altai Territory, the Republic of Altai with crisis values. Omsk region, where by 2016. The situation has worsened due to a 20% decrease in the production of fuel oil over the past five years. In the Republic of Buryatia, on the contrary, the values of the indicators have moved into the region of acceptable, as a result of the development of a number of small coal deposits for local needs and an increase in the level of coal production by 30% over the past five years.
Satisfactory situation for the first block of indicators in the Republic of Khakassia. With sufficient margin, the maximum electrical load is ensured. Extraction of significant volumes of coal provides positive values of the indicator of supply with own primary energy. According to the second set of indicators, the situation in most of the regions is aggravated by an excessively high share of dominance of one of the imported resources (indicator 2.1, Table 3 ). In the Republic of Buryatia and the Altai Territory, the share of coal exceeded in 2012-2016 -90%. The precrisis situation, with a share of the dominant resource, is observed in the Novosibirsk, Omsk regions, the Republic of Khakassia, Tyva, as well as in the Transbaikal Territory and the Altai Republic. In Irkutsk, Kemerovo regions and the Krasnoyarsk Territory, the situation on this indicator can be considered acceptable, due to the dominance of own fuel and energy resources in these regions. At the same time, regarding the discussion of the threshold values of the indicators, the qualitative assessment of the "pre-crisis" in the self-reliant regions (belonging to group 1) indicates the desirability of greater species diversification of fuel and energy supply in order to increase the systems' readiness for potential changes in the structure of the country's TEBs and its regions for various reasons, including for reasons related to the prices of primary fuel and energy resources. According to indicator 2.2 (the share of the largest power plant in the installed electric capacity of the territory), the most acute situation is observed in the Republic of Buryatia (Gusinoozerskaya GRES -79% of the total installed capacity) and Khakassia (Sayano-Shushenskaya HPP -89% of the total installed capacity). Since in the event of an accident, such a high share of a single source is very dangerous due to possible problems in the electricity supply of consumers. The situation in the Altai Republic has improved over this indicator in recent years, moving from crisis to pre-crisis by introducing new capacities and redistributing the load.
In the state of pre-crisis, i.e., where it is desirable to develop the growth trend of generating capacities in order to cover the growing demand for electric power, it is the Republic of Tyva (Mobile GTPP -59% of the installed capacity of the region).
Another important aspect affecting the provision of energy security in the regions is the state of the main production assets of the energy sector. The average data on the wear and tear of the basic production assets energy industries in the territories, correlated with the book value of these industries in these territories allow approximately to estimate the average wear and tear in the energy sector of the territories. Analysis of the data in Table 4 shows that in recent years, the worsening of energy equipment in the Novosibirsk Region, the Altai Republic and the Altai Territory has worsened (and, most importantly, continues to deteriorate at a fairly rapid pace). The situation on the average in the energy sectors and in most other districts of the district continues to deteriorate, while remaining in the middle of the precrisis range in such regions as Irkutsk Region, Republic of Tyva, Republic of Buryatia, Kemerovo Region. Positive trends by 2016 with the renewal and modernization of the basic production assets energy sector are observed in Khakassia, due to the active restoration and modernization of the Sayano-Shushenskaya HPP, as well as modernization at the Abakanskaya CHPP with the commissioning of two power units with a total capacity of 256 MW. In the Kemerovo Region, KuzbassEnergo carried out a major overhaul of 11 turbine units, and power units were put into operation at Novokuznetskaya GTPP. In the Omsk region and the Republic of Buryatia, acceptable indicators for the indicator are also associated with an active policy for capital repairs and reconstruction of power generating capacities. To a large extent, the value of this indicator is due to the commissioning of new capacities, major repairs and technical re-equipment of existing power generating sources. In the crisis situation in the aspect reflected by indicator 3.2 are: Novosibirsk, Tomsk, Irkutsk regions and the Republic of Altai, where for the analysis preceding the 5-year period there was insufficient commissioning of new capacities and practically no serious work was done to modernize the installed equipment, which in turn led to a decrease in the level of energy security of regions in the aspect described by this indicator.
Smaller inputs and some equipment upgrades were carried out in the Altai Republic and the Altai Territory (commissioning 130 MW at Barnaulskaya CHP-2 in 2016), but in insufficient (in terms of energy security) volumes to reverse the negative trends with the aging of the basic production assets. As for the indicator of the renewal of power generating equipment in the Irkutsk Region and the Trans-Baikal Territory, there were not enough new power inputs.
In the Irkutsk region in 2012, a turbine unit with a capacity of 50 MW was launched at Novo-Irkutsk TPP. In the Trans-Baikal Region, the commissioning of a hydroelectric unit at Kharanorskaya HPP in the same year, with a capacity of 225 MW. In addition, major repairs of equipment and reconstruction were carried out.
These actions brought the situation on this indicator in an acceptable state from the EB's position in the Trans-Baikal Territory, but they were insufficient for the withdrawal of the Irkutsk region from the crisis. Above were presented and analyzed the values of the main indicators, which form the basis for an integrated assessment of the level of energy security in the territory of the subjects of the Siberian Federal District. To obtain such an assessment, an approach based on the convolution of indicator values was used, taking into account their specific weights. Qualitative characteristics of the state of all the indicators discussed in Table. 2-3, were collected according to the respective territories and processed according to a special methodology. As a result, a qualitative final assessment of the energy security status of the territories of the subjects of the Siberian Federal District was presented. 5.
Based on the analysis of data in Table 5 , the best condition for energy security is observed in the Tomsk region and the Krasnoyarsk Territory. The level of energy security close to acceptable can be considered in the Kemerovo, Omsk, Irkutsk regions and the TransBaikal Territory. It is necessary to pay serious attention to indicators, whose values in these territories are located in the zones of "crisis" and "pre-crisis" values. This signals serious problems in the field of fuel and energy supply of territories in the part described by the values of the respective indicators. In addition, the negative state of the indicators characterizing the condition of the OPF and the renewal of energy in these territories is, above all, hindering the achievement of a better position.
The most acute situation with ensuring energy security should be noted in the Republic of Altai. Here, the crisis situation of most of the monitored indicators is evident, this concerns both the degree of the maximum electrical load and the share of the largest power generating source in the installed capacity in the territory, and the wear and tear of the energy sector. 
Conclusion
Analysis of the dynamics of qualitative assessments of energy security in the regions and quantitative indicators of the weights of indicators that are in different states from 2012 to 2016 allows to draw a conclusion that the situation with ensuring energy security during this period on average had positive trends: for all subjects of the Siberian Federal District, with the exception of the Republic of Altai.
